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The Effects of Inland Pollution Sources around the Port of Jeokyang
and Jangpo after Rainfall Events on Bacteriological Water Quality

in the Changseon Area, Korea
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The influences of inland pollution sources nearJeokyang and Jangpoports following rainfall events on the
bacteriological water quality and safety of commercial shellfish were investigated in the Changseon area, Korea.
Stream flow rates exhibited 1.9- to 5.7-fold increases after rainfall events and then fell to 68~81% of that level after
24 h. The calculated impact area of inland pollution sources was 0.47 km”in the Jeokyangport area and 0.27 km” in
the Jangpoport area at 24 h following 11 mm of rainfall. When the flow rate of inland pollution increased, the level
of male-specific bacteriophage (MSB) decreased, and no MSB could be detected in seawater samples, whereas
30 PFU/100 g was detected in shellfish samples. Fecal coliform levels in seawater and shellfish samples did not
exceed their respective tolerance levels (4.5 MPN/100 mL) and 130 MPN/100 g, respectively and thus complied
with the standard for approved shellfish growing area. The sanitary conditions of areas adjacent to Jeokyang and
Jangpoports under conditions of rainfall below 29 mm met the criteria for approved growing area under the United
States National Shellfish Sanitation Program and the EC Regulations.
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2 o] g3tk Mol H5e] QbdF AHE SlalA L A4
st 9l selol dhst 1Al ek ol FasiehCho
tal, 1998). Th7 AIFS S SISl Aue AulHon
B9 ARE B9 AnE R Al sl 2.0
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T-ETHUS FDA, 2002). webA] S-euiet, vl=, #4995
o A= QFASE | FAARS: fI5to] al T8 T Al 8-S o)
o] 293}l JITHMIFAFF, 2012; US FDA, 2009; European
Commission, 2004).

Re)el e A el L] S0 1731 9lom,
F= AFEA9} 727 o] o] Rl ek, o] sfofo]
A AYALE] = 7] =S A S Hloto] ARk of A=
1996 A5 B RYEARS AASHL glom, 2AFHSY 5 5910
ha7} =28 74t A48l 9 (olsh A sl ) Alem= 47
o] QITHEHPARE R IA] A2009-416%, 2009. 12. 16).
E5h At o] e b SR E et AF A A
ol 14 15-22 mm HLY wofl= 2¢ 5¢F 22 mmE %
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Fig. 1. Sampling stations in the Changseon area.

m; Fresh water sampling station, ®; Sea water sampling station,
0; Mussel sampling station, —; Designated area,

Mussel culture ground

2 100l AA|sheArt. -2 11 mmo]| g 2924 A R
AS

20109 10¥ 8Y 174158 9Y 05A171A] =4 73-9-&F 11 mm

7F I 2591 993} 24417k0] Bt 109 Lo A FsHA
k. 15 mm Z-9-of] thh 2-9-22Ak= 20109 39 22 174] ¢
23 10A7FA] 759 5 2343} 24 o] HAJs}3l o, 29 mm

7ol o 79 2AH= 20104 49 199 194]32E] 491 202
06417H4] 2 792 29 mm7} 21 521209 L 219 &

“doll st At

A
22,

Sayoqiele] g asiHel 2% WRTAN $47
(Marsh-McBirney portable flowmeter, Flo-Mate Model 2000)
£ Agstel SASIT AT A EAE A B S S
Soh sl Brel 250 mL 2] e] AL, e A
CRENREE RS e e L S R b

B, 7 54 H A=AF

>

o] 4L} FBL YSI 556 multiprobe system (Yellow

Springs, YSI Life Science, OH, USA)& Al&-5lo] A o)A
SABIGTh AFHA = 5k 9 A5, 55, s 2 T 7
2715 A 3sto] Ateh FsEE FAE 52 AAT T £
E AASI o, BE A= 10T ofst= FAglo] AHAR
2HIRE SA] QYR FA T S AT AR A TfF

2718749 dejEEa ArE 285




in)

162

¢} <3 =1
IMKIEHIZ A 2t o o
= H 1 2 AE0 _ -
A& F it SHAN R 9 At Al Recom 0] QUHEAIAY

mended Procedures for the Examination of Seawater and
Shellfish (APHA, 1970)2] ¥ ol wjal A|dstqct. o<+
7 9 Badggae Heeyos Agagen], ATs
100 mL E= 100 g % MPNo.2 Ueh)gla Aaiss g
Colony Forming Unit (CFU)2.2 UERY It 5144 2 3
o %9] Male Specific Bacteriophage (MSB) #4]-2 DeBar-
tolomeis £} Cabelli (1991)5] 12|11 Ao 2 F% MSB
= Burkhardt 5(1992)] #o] 251501, MSB 4745
2+= Escherichia coli HS(pFamp)R (ATCC 700891)& AM&-
3Fo] 100 mL E+= 100 g 5-9] Plaque Forming Unit (PFU)2.
= UER Siek
syeuY BarEl

ger A FUHe SFedYl et s FIFE
7} US FDAO|A| A|QFgt Evaluation of pollution source
(Advanced Growing Area Training - evaluation of pollution
sources, 2006)0]) Z510] A1AI5F3Ic}. 7+ @91 91o] gt eyt
A4S ol 851l 2 Fol Bloom felul Bl
Arhg a0l 19 F5aFE AEsE0m, $42 9o 3]
of M= AP el A A7 BHA N 14
MPN/100 mL o|8}& 3|4 & =] 8+%|= afj4=2] F3, WA,
PN o2 ALtstlnk A-8H ol sl=E 285t ¢
FHI7F v A= o S o] HA S 288l S g ol
s efoll w2 = FFH = FINE Y WA o= Hrbskgieh

Table 1. The variation of average temperature and salinity for sea
water in rainfall events

Dry 11 mm 15 mm 29 mm

season rainfall rainfall rainfall

(3.10) (10.8~9)  (3.22~23)  (4.19~20)

Oh Oh 24h Oh 24h Oh 24h

Tem‘(’%r;’“”re 91 213 209 97 98 132 125

Salinity 336 310 311 331 331 330 330
(psu)

gl wE A s Fet 2t Ft S Ta-
ble 1o Yepf it si4=2] Hat4=22 717] & 78 15 mm
ZAP7L o] F01%1 3ol = 9.1-9.8°C, 79 29 mm 2AFF G131
H 490 12.5-132T AL, 4% 11 mm 2AF AAE 109
o= 20.9-21.3CE UEPHRITE & 2AF] Hatp2-2 2008-
2010 ZAdeliof of L Btk ARkl o (Kim et al.,
2011), AEAR] =2 stel 53 AeFS Vet olct. Egt
ala=2] B2 A7I(E2A A 7 E A7), A 15
mm 2 29 mm ZAM A= 33.0-33.6 psus YEY o] df& 9]
U Q] Ht e ot ARSI O, 289 11 mm EAM A=
31.0-31.1 psuz & FE-sEE Yetl et T2 349
HHFAES A7) Het 7F92AF Alo]] 0.5-2.6 psu A& 7HAS)H
k. hAbk} Zpghatol] thgh Al sha] RARAI = 759 Al &
S ALY Fdoll whet s> o BE wee Aash, 9
A A S7Fhe 943 HAE UEb Stk (Lee et al.,
2010).

7o w2 s o S AU FIFEIE flsko 171
9 749 250} 24|17 741t ol AfnkS A5 (D-1),
Z(D-2), AZH(D-3), F2ukE £8P (D-4)9] 87 vl
At 47 A2 wiE4rell et 7S S5kl it
EHA NS D MSBY] LAY EE AFsHATH

271 2A} A= Table 2] e Qe v &4=7F2 24-39 L/
min HYFon, A9 viE4egFo] 39 Liminz 71 Wk
o} BEEANAESE 22 MPN/100 mLO.2 713 wrol, &)
oo ]2 YIRS 7 mZ uf$- 2913 MSBE HEE A
oFortt. ozt Hofuke W AankS Askx o] EHA A
L 2.400-13,000 MPN/100 mLO.& =9rom o] gkt
4L 61-175 m=z AAHE itk £3] MSBE] H&-2 950-3,480
PFU/100 mL O 2 7}-9-ZA} A] Bt o - A Urepste),

511 mm £=5 25 ZAME1= Table 3 2 Fig. 2 (A, B)
of Yreh et vl &S 14-120 L/min 9L E3), o=
A3} AEuLS 45149 viE4ako] 70 9 120 L/mino.2 2

Table 2. Result of sanitary survey on pollution sources in the drainage basin of Changseon area and the calculated impacted area in the sea

during dry weather condition

Average Discharge Fecal Determined Dilution water Area Residue of Male specific
Station depth volume coliform loading required required half-circle bacteriophage
(m) (L/min) (MPN/100 mL) (MPN/day) (m% (m%) (m) (PFU/100 mL)
D-1 1 24 11,000 3.8x10° 2.7x10* 2.7x10* 132 950
D-2 1 36 13,000 6.7x10° 4.8x10* 4.8x10* 175 3,480
D-3 1 39 22 1.1x107 8.1x10 8.1x10 7 <10
D-4 1 24 2,400 8.2x108 5.9x10° 5.9x10° 61 950
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Fig. 2. Concentration of fresh water from the drainage basin and the calculated impacted area of each pollution sources in the Changseon
area during wet weather conditions (A; Just after 11 mm rainfall, B; 24 hours after 11 mm rainfall, C; Just after 15 mm rainfall, D; 24 hours
after 15 mm rainfall, E; Just after 29 mm rainfall, F; 24 hours after 29 mm rainfall). m; Fresh water sampling station, ®; Sea water sampling
station, 0; Mussel sampling station, []; Designated areca, B, Calculated impacted are Mussel culture ground.
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Table 3. Result of sanitary survey on pollution sources in the drainage basin of Changseon area and the calculated impacted area in the sea

during wet weather condition

Rainfall Time Average Discharge Fecal Determined Dilution water Area  Residue of Male specific
Amount (hrs.) Station depth  volume coliform loading required  required half-circle bacteriophage
(mm) : (m) (L/min) (MPN/100 mL) (MPN/day) (m?) (m?) (m)  (PFU/100 mL)
D-1 1 14 7,900 1.5%10° 1.1x10* 1.1x10* 85 40
D-2 1 70 24,000 2.4x10'° 1.7x10° 1.7x10° 332 890
0 D-3 1 39 170 9.5%x107 6.8x10? 6.8x10? 21 <10
D-2t03 1 - - 2.4x10 1.7x10° 1.7x10° 332 -
11 D-4 1.5 120 17,000 2.9x10"° 2.0x10° 1.3x10° 298 190
D-1 1 13 4,900 9.1x108 6.5x10° 6.5x10° 65 820
D-2 4 56 330,000 2.6x10" 1.9x10%  4.7x10° 550 220
24 D-3 1 30 110 4.7x107 3.3x102 3.3x10? 15 <10
D-2t03 4 - - 2.6x10" 1.9x10%  4.7x10° 551 -
D-4 3 100 79,000 1.1x10" 8.1x10%  2.7x10° 415 300
D-1 1 40 14,000 8.0x10° 5.7x10* 5.7x10* 192 50
0 D-2 1 174 170 4.2x108 3.0x103 3.0x10° 44 <10
D-3 1 51 7.0 5.1x108 3.7x10 3.7x10 5 <10
15 D-4 3 169 35,000 8.5x10" 6.0x10%  2.0x10°% 359 <10
D-1 1 21 1,300 3.9x108 2.8x10°  2.8x10° 42 <10
24 D-2 1 123 170 3.0x108 21x10°  2.1x10° 37 <10
D-3 1 32 4.5 2.0x108 1.5%10 1.5x10 3 <10
D-4 1 120 2,200 3.8x10° 2.7x10*  2.7x10* 132 <10
D-1 1 54 1,100 8.5x108 6.1x10° 6.1x10° 62 <10
0 D-2 1 372 220 1.1x10° 8.4x10° 8.1x10° 73 <10
D-3 1 49 49 3.4x107 24x102  2.4x102 13 <10
29 D-4 1 228 3,300 1.0x10"° 7.7x10* 7.7x10% 222 <10
D-1 1 30 330 1.4x108 1.0x10° 1.0x10° 25 <10
24 D-2 1 257 330 1.2x10° 8.7x10° 8.7x10° 75 10
D-3 1 42 22 1.3x107 9.5x10 9.5x10 8 <10
D-4 1.5 174 7,900 1.9x10'° 1.4x10%  9.4x10* 245 <10
7Vt o, R A A A 7H2- 24 000 2! 17,000 MPN/100 7+ 2 71wk oy, A A4 49-3,300 MPN/100 mL
mLO =2 &7 Yeh oo GHE e 332 51 298 me FA| & o= % PEEF UH% WA HrebTh

7ve Z1o & AAbE it o}ZIUP MSB9] H&2 890 ¥ 190
PFU/100 mLZ A7) A} A] B} ZhAstE T 2447 Ax} 5
ZAAT A 2 A Ao A agF 7rAs o, £
A2 T2 (330,000 MPN/100 mL)} A320l-e 4543
(79,000 MPN/100 mL)2] 7% Z7] Z7}8}0] g|o u]x]=
FFuE o] 550 E 415 m=E ARXEE] G WA 0 2 vepd At
0.47 km* %! 0.27 kn* 2 ik of 248} ZA Aol Q13 gt A
72| G v A= A L2 YERT

515 mm £7 2% A= Table 3 ¥ Fig. 2 (C, D)
of| Uret gich v 452 40-174 L/min ¥ 9912, 11 mm
7% Aot vt AgnkS Ask fFo] Sl
ks Aok EHANY 4T ol A Bl IRt 01
192,359 m& 2718 Ao & AAME Qe 28 11 mm 7%
24A7F AL A Bobe 3| ggfo] A7) kot A1 | 7k =
daFo] BPAkE| ] gFe- A © & Lpehgth MSBE 2 ofuke 43}
Zdef A9t 50 PFU/100 mL7F A& ATt 24417 742} $of =
ol AashlaL ~ol ERANAHE] HEo] E0f allFol
H| 2= o3kl o2 710 2 Vet

429 mm F= ﬁ—ﬁr }ﬁd—}~ Table 3 ¥ Fig. 2 (E, F)
of| Uepf Sict. vi&==F-2 49-372 L/min W2 A 2417

=7, 900 MPN/lOO mLoi =
245 m=z 7+ S H ) FAME QT
A3 AT 10 PFU/100 mL2 W2 hef

Al Aol A A sk YA TA|TE2] Bhitell Fd= Tl
A= 8T Ao, A= Alofl= 5 ”Oﬂ*i pkel %ﬂ%%

Foto & wof BAM| 7|3 Y Alofl=
oY= &35 LhePlick(Mallin et al., 1999). 2] &74 xﬂﬂoﬂgﬂ;
O] 79 2] 9l 24417t 39| lj=A| Bi= HA 2o A] A F 5L
18A17F 2] Al == a0l A A F 3=t 24417 § AL
A alictel Qe A Mol M BuiAd 7t Ao
Ha] Goj ol A A Ao 7 HEE o ZHE
FEE 7|2 o2 TS Th(Lee et al. 2010). 1Lt 2
Aol A e Theket 2 A of| A Al &7} A FH =] 9l ot 24 of wh=
FF> =I5 of el o (A} nlAA)), of= AR L
3} 9] o] OF 160-250 mit-i. 0] BalA| 7} A 2] =] o] 91 =2 7}
80 m, 200 mol| EI}5te] 24 9] Bilo| w2 Fj4= SFo] Ut
S1A] 519l 7] w0 2 ghetEch
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710] o] ufet FaEl 02 1T ARl
e A-97] SARS A U] JaFHL] Tt Aol M 7
efo| Zrbol| ute} vl E4apo] 24% Z75to] Selo2 9]
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Table 4. Result of microbiological analysis for sea water samples in the Changseon area under the dry and wet weather condition

Dry season 11 mm rainfall 15 mm rainfall 29 mm rainfall
. Oh 24 h 0Oh 24 h 0Oh 24 h

Station Fecal , Fecal , Fecal , Fecal , Fecal , Fecal , Fecal )
coliform’ MSB coliform’ MSB coliform’ MSB coliform’ MSB coliform’ MSB coliform’ MSB coliform’ MSB

S-1 <1.8 <10 <18 <10 2.0 <10 <1.8 <10 <1.8 <10 <1.8 <10 2.0 <10
S-2 <1.8 <10 <18 <10 <18 <10 <1.8 <10 <1.8 <10 <1.8 <10 <1.8 <10
S-3 <1.8 <10 <1.8 <10 <1.8 <10 <1.8 <10 <1.8 <10 <1.8 <10 <1.8 <10
S-4 <1.8 <10 <18 <10 2.0 <10 <1.8 <10 4.0 <10 <1.8 <10 <1.8 <10
S-5 <1.8 <10 <18 <10 <1.8 <10 4.5 <10 <1.8 <10 <1.8 <10 <1.8 <10
S-6 <1.8 <10 <18 <10 <18 <10 <1.8 <10 <1.8 <10 <1.8 <10 <1.8 <10
S-7 <1.8 <10 <1.8 <10 <1.8 <10 <1.8 <10 <1.8 <10 2.0 <10 <1.8 <10
S-8 <1.8 <10 <1.8 <10 <1.8 <10 <1.8 <10 <1.8 <10 <1.8 <10 <1.8 <10
S-9 <1.8 <10 <18 <10 <1.8 <10 <1.8 <10 <1.8 <10 <1.8 <10 <1.8 <10
S-10 <1.8 <10 <1.8 <10 <1.8 <10 <1.8 <10 <1.8 <10 <1.8 <10 <1.8 <10

"MPN/100 mL, PFU/100 mL.
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Table 5. Result of microbiological analysis for blue mussel samples in the Changseon area under the wet weather condition

Drv season 11 mm rainfall 15 mm rainfall 29 mm rainfall
. fy seaso oh 24 h oh 24.h 0h 24h
Station Fecal Fecal Fecal Fecal Fecal Fecal Fecal
2 2 2 2 2 2 2
coliform’ MSB coliform’ MSB coliform’ MSB coliform’ MSB coliform’ MSB coliform’ MSB coliform’ MSB

M-1 <18 <10 20 <10 <18 <10
M-2 <18 <10 <18 <10 20 <10
M-3 <18 <10 20 20 20 <10

110 30 78 15 <18 <10 130 14
20 <10 <18 <10 <18 <10 40 14
40 21 <18 <10 <18 <10 40 <10

'MPN/100 mL, *PFU/100 mL.

= ASHA e, 11 mm 789 24417F 7 1k 2 15 mm, 29
mm AR A= ZARAF] 174 i 27040 O] A A<t o]
2.0-4.5 MPN/100 mL &5 UbefL} 715 3 8fj5=9] Jake: =14]
Fok ot AFetol 0.4 km Q1743 S-1 A 1} A Foat At
ol A 1 km ool 9123t 7414 S-4 & S-5 23 o] A
dPgao] S7HsHICE. o)) Ak £40 Q0] Hei gt
71} sfAl & o] Alateh2] H7HAmeto] Zpol = YA A
o] sjeot ERtsHA| HH -2, disE, B, A 59 &
Az70) whep AP s}y whiE o 2 AR E ch(Shim et al., 2012).

SHAAA G o 2k SeFut a7 F A A ol| tigt AleFehA b
A W7o 244 sk Alolut gl A7) el 497420l
o} 3 Mol Wl ARk Ags o2 kAol o 2 J&
= U AW, E3F oo of =22 7t ofu 2 AR e-A Xt A
o= g &S HH=cH(Chang et al., 1998; Ha et al., 2009). E
2 jepnleol o] 428 749 5 2448417 AT T, Bl
242 3)8E Ao WusldthPark, 1990). FAls|lE 7
ol &Jgt FgFol AA= AUAINE 24417 ZAM A &= ERA
e A4 02 Aol Elgih ok Alslele] gt
2 Qb ofl el Aol A= A=A F] A 45.5 mme] 75
7F A 2008 64 Aol A= A QIHRE AR 9
A EHAN o] A7l sl 7|eEe 2aekA]
© g gl dth(Yoo et al., 2010). w2kA] 29 mmo]5}2] 7
= A Aok B Aargtol] Qg s ol o] Aol 2
2 m|A17 o Ao2 B gl

% o m

e

E

2471 9 22 Al ZIER|Q| MiZstE wst
74<of w2

2 5429 ST s HollA] AatE=
A 9] 91A88HA] Qb o]l vl A= @3S Table Sofl Lreh 3Tt
A e Ak A5 0 2 RE 1-2km Hofd 2]7g 8 o
ol 37H4x(M-1, M-2, M-3)9] a7 AR & A 7gshe] 2
e o2 shitel= QYA AR L AR =E F7FsE3lt

A712AE Al s ol A QA AR HES fldlen, 11
mm 7% $ol= <18-20 MPN/100 gO & & dheko] B
Ad=to] HEEUATE 15 mm ¢ 2150l A% 9 A2
oS Aapdat 7R Qg M-1 29 afj ol A FHA o
A4+2 110 MPN/100 g ~12]31 MSB: 30 PFU/100 g7} #
S o] vlwA =2 Alatgharo] ERRIE|GIh 2447 o]

HA ) A-S 78 MPN/100 g, MSB
= 15 PFU/100 g2 tha rashs 43S HehfiSich M-2
9 M-3 Ao e A EHA NS 217 20 9 40
MPN/100 go] HEE]31 ot 24A17to] gt ol = 9148
37 AletS HEE A Fkt.

29 mm 79~ Aol = sFARAA AltAZEo] §llet,
24 Azto] ARt Fofli= M-1 Ao ERAqgto] 130
MPN/100 g &2 A A7)t 5 718 =& o2 Ve S
o, MSBE 14 PFU/100 g7} A&=9ich M2 2 M-3 A3
of EHA 2 25 40 MPN/100 go] &5 %127, MSB
= M-2 2| Hof| A4t 14 PFU/100 g7} A& T A7 =
A B A= A7) A] 80-400 CFU/100 go]laL, 29
mm 7-$- 24A|7F 4 7} Sofl = 260-1,300 CFU/100 g ©.2 73-$-
of whet F7Fsh= 4 3s Ul Alch A 2t rIAIA).

s o] zIEet]of| gt Mltsha AL At 47] 9 7
- Alof] 3l 7o FHAA A 715230 MPN/100 g)2 275}
A ke 11 mm 7§ Fofl= <18-20 MPN/100 g2 34|35}
Fom, 15 mm 739 5o = 20-110 MPN/100 go] 911, 24
A7t 73} Fof = <18-78 MPN/100 g © & 7H4-31i et 3FA ot
29 mm 7} Aol = A A Rto] HEEH A AN 24
A7k A3} S0l = 40-130 MPN/100 g & & Z7Fskgl.oH, o] 2
S Aie S AN IR Ao} faket AeS U
Walen, s Qaflpote] 25 AFo® A4 LA =}
SOl A|ut, s = AlZHe] A el whet sl ol ZIFE Alat&
ZA519]7) W o)ek ALR E T E3F Lee et al. (2010)% <]
of| AAlst= oA ERA Y] = 79 A TR 11 o]
T AQFRE Almol A A HEE kAL Bk ) Qlek, whebA
S ol Al AATE] = 3|7 918 B QbAdS =S| flafA
TS LAY FFE7L all E g ol thet FEHA el A
I} F7p7E e
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